B ALLISTOCARDIOGRAPHY is of current interest as a means of studying the forces generated by the heart and great vessels. This discipline is concerned with the resultant of these forces as impressed upon the body, an elastic system forced into v-ibration and subject to viscous damping.
Many investigators have shown that the vast majority of healthy individuals under the age of 40 have a "normal" ballistocardiogram.'-' However, healthy older individuals, with apparently normal cardiovascular systems have a substantial number of "abnormal" ballistocardiograms. It is true that arteriosclerotic heart disease is more prevalent in the older individual, and though "subclinical," may play a part in the deterioration of the ballistocardiogram. However, is this high incidence of "abnormal" ballistocardiograms in the older age group entirely due to latent or incipient coronary artery disease as proposed by some authors?5' 6 Changes in the elasticity of the total body mass itself may play an important role in the production of these "abnormal" ballistocardiographic contours. Recent studies have shown that abnormal curves may be made normal by simply changing the damping of the recording system. Thus, Tucker and Ostrom7 have changed abnormal curves to normal by having the subject lie in a bed of sand or putty From The amount of damping in a system may be measured by the principle of determining the rate of (lecay of oscillation in the system and expressing this Is the logarithmic decrement.'4 This was determined by recording the movements of the body subsequent to displacing the subject from the resting position by pushing the right shoulder and suddenly releasing the body. The sensitivity of the recorder. had been attenuated until no deflections were inscribed by the cardiovascular forces. The damping factor was determined by measuring the ratio of the amplitudes of two successive waves after the tap.'5 Body frequencies were also measured.
The age, height, weight and body surface area of each subject were noted. The ideal weight according to age and height was determined from the normal standard tables and the deviation from the standard of each subject was calculated. In addition, the decay curve of body oscillation of 35 unselected subjects of this group was determined by the method described above, in various phases of respiration. Thus the body damping and frequency response were studied and compared during normal quiet respiration, held deep inspiration and heldldeep expiration.
RESULTS
Ballistocardiograms were graded normal, borderline, or abnormal.4 In the 15 to 30 year age group, 6.8 per cent of the subjects had abnormal tracings, with a similar number judged borderline. In the 31 to 45 year age group, 12.5 per cent had abnormal tracings, with a similar number judged borderline. In the 46 to 76 year age group, 25.6 per cent of the on body frequency and body damping the series was divided into two groups, namely: those between 15 and 45 years of age and those between 46 and 76 years of age. The means and standard deviations of body frequency and body damping for these two age groups are listed in table 5. Mean body damping of the older age group was significantly higher than that of the younger age group. However, the mean body frequency of each of the two groups did not differ significantly. Application of the "t test"'6' 17 for the significance of these differences is noted in table 6. The effects of deviation from "ideal weight" on body frequency and body damping: The subjects were considered in four groups: Group ], "ideal weight" -9 per cent; group 2, "overweight" 10 to 25 per cent; group 3, "underweight" 10 to 19 per cent; and group 4, "underweight" 20 to 29 per cent. Table 7 summarizes the means and standard deviations of the four groups in regard to age, body damping and body frequency. There was no significant difference in the mean ages of the four groups. Likewise, there was no significant difference in the mean body damping of the four groups. Body frequency was definitely higher in those subjects who were 20 to 29 per cent below "ideal weight." Body frequency was lower in those subjects who were 10 to 25 per cent above "ideal weight." Application of the "t test" for the significance of these differences is noted in table 8. In the production of the ballistocardiographic record the forces generated by the cardiovascular system are impressed on the body mass which has complex couplings, damping resistances and various mechanical impedances to the transmission of these forces to the surfaces of the body. This results in considerable distortion of the ballistocardiogram both as to the contour and phase of the various waves and segments. The concept of Von Witternll and Reissmann and Dimondll of dividing the body into an external and internal network contributes to the understanding of the various mechanical damping factors.
Ballistocardiograms in our series in the younger age group whose body damping factor was low had a definite oscillatory pattern. There were exceptions in four young individuals. These four all had abnormal ballistocardiograms, but their body damping factor was found to be high and in the range usually observed in much older individuals.
The data in this report indicate that the damping of the body shows definite variation with age. On Distortion of the ballistocardiogram may be due to variation in the frequency of the impressed force, the circulatory apparatus, the natural frequency of the vibrating mechanical mass, the body, or the frequency response of the recording system, transducer-filter-oscillograph. The ratio of the frequency of the impressed force to the natural frequency of the body is a factor in tachyeardias where the ratio of the two frequencies is such that there may be accentuation of the resultant ballistocardiographic waves due to resonance.
It becomes apparent that the damping and frequency response of the body mass is of considerable importance in the present methods of recording the force of the heart by the ballistocardiograph. In order to record the true ballistocardiographic waves one, must control the large variable of body damping. If the damping of either the body or the associated recording system be altered so that the overall damping is made constant at some optimum level, then a more accurate registration of the cardiac forces will become possible. The use of a critically damped, low frequency table or an aperiodic system approaches such an ideal. A direct body ballistocardiograph can be used for recording a "true" or undistorted tracing by changing the surface upon which the body lies or the application of sandbags to the subject which effectively changes the body damping.7 The direct body ballistocardiograph may also be utilized in conjunction with an electronic system designed to "smooth out" these factors of frequency and damping and thus approach a "true" force curve. '9 In ordinary clinical use however, from the data presented in this report, one could record the oscillatory decay curve of the body after each tracing and make suitable allowance for unusual variations in body damping or frequency, in the clinical interpretation of the ballistocardiogram.
SUMMARY AND CONCLUSIONS 1. The natural frequency of the body and body damping of 100 normal subjects were studied for their effects on the ballistocardiogram.
2. After an impressed external force the oscillatory decay curve of the body was measured.
3. A standard statistical analysis of the results showed that body frequency was not correlated to age or normal anthropometric measurements. 4 . Body damping correlated significantly with age but not with normal body measurements.
5. Overweight and underweight affected body frequency but not body damping.
6. Respiratory variations did not significantly modify body frequency or body damping.
7. There was no significant correlation betweeni natural body frequency and body damping. 8 . It was suggested that truer recording of the cardiovascular forces by the ballistocardiogram could be obtained by adjustments of apparatus to make allowance for variations in body damping.
